[Pasteurella] pneumotropica (the brackets indicate possible misclassification) originally described by Jawetz [1] was initially isolated from pneumonic lesions in laboratory mice. Human isolates from the respiratory tract and previously considered as a special biotype of Pasteurella multocida were reclassified as [P.] pneumotropica by Henriksen [2] . Organisms closely related to [P.] pneumotropica as reported by Jawetz [1] were described by Heyl [3] and named [P.] pneumotropica var. xylophila. Subsequently, Frederiksen [4] suggested the existence of three biovars within the [P.] pneumotropica-complex and proposed that they were named after those who first reported on strains belonging to these biovars (Jawetz, Heyl, Henriksen) . Based upon DNA-DNA renaturation (DDN), Mutters et al. [5] reclassified [P.] pneumotropica type Henriksen as P. dagmatis and linked [P.] pneumotropica types Jawetz and Heyl close to Actinobacillus. Several other species and taxa classified with Pasteurellaceae have been reported from laboratory animals, representing serious differential diagnostic problems as discussed previously [6] [7] [8] . Similar problems have been observed for V-factordependent (NAD-requiring) Pasteurellaceae [9, 10] . Recommendations for health monitoring of rodents and rabbits as outlined by the Federation of European Laboratory Animal Science Associations (FELASA) include Pasteurellaceae and in particular testing for [P.] pneumotropica [11, 12] . However, the more recent recommendation concentrates more on [P.] pneumotropica although difficulties in the identification are still noted related both to genetic diversity and to problems with the accuracy of commercial identification kits. The problems reflect limitations in the current classification, and this has left uncertainties with respect to procedures to identify and investigate host interactions of Pasteurellaceae associated with rodents and rabbits. Extended characterization of strains of Pasteurellaceae from rodents showed that strains originally described as [P.] pneumotropica should be classified as [P.] pneumotropica biovar Heyl, biovar Jawetz, P. dagmatis or taxon 22 of Bisgaard, while strains previously reported as Actinobacillus sp. should be reclassified as [P.] pneumotropica biovar Jawetz, P. dagmatis or taxon 6 of Bisgaard. Finally, strains earlier described as Avibacterium (Pasteurella) gallinarum were reclassified as the SP group or taxon 24 [13] . The SP group was later included within the genus Necropsobacter of Pasteurellaceae [14] and taxon 24 proposed as Mesocricetibacter [15] .
Genetical characterizations of the [P.] pneumotropica-complex and related organisms initially included DDN [16] . Phylogenetic investigations as determined by comparison of 16S rRNA gene sequences [17, 18] showed that [P.] pneumotropica NCTC 8141 T (Jawetz type) made up a separate cluster together with Actinobacillus muris CCUG 16938 T (cluster 5). Subsequent studies by Christensen et al. [19] extended the cluster to include 'H. influenzae-murium' and taxa 17 and 22 of Bisgaard. Recently, A. muris was reclassified in a separate genus as Muribacter muris [20] . Hayashimoto et al. [21] showed that 16S rRNA gene sequence comparison separated the two biovars of [P.] pneumotropica into species-like groups. Separation of Jawetz and Heyl by PCR targeting the 16S rRNA gene sequence was later reported by Kodjo et al. [22] .
In the present study, a collection of Pasteurellaceae strains mainly obtained from laboratory rodents, wild Muridae, and from mice and rats from pet shops were subjected to extended phenotypic characterization. 16S rRNA and partial rpoB gene sequencing were used to evaluate characters used for phenotypic identification and separation of taxa. Selected strains were further characterized based on whole genome comparisons. The study aimed to classify a new genus, Rodentibacter gen. nov., including the reclassification of [P.] pneumotropica and to name novel species within the [P.] pneumotropica-complex leading to improved identification and consequently better understanding of their epidemiology and clinical implications.
Around 1000 isolates mainly from Muridae including reference strains were initially subjected to phenotypic characterization as previously reported [20, 23] . Partial sequencing of the rpoB gene of 346 strains was performed according to previously described protocols [24] [25] [26] . 16S rRNA gene sequencing of 344 strains selected based on the rpoB gene sequence comparison was performed as reported previously [27, 28] . The strains available with DNA sequence information are listed in Table S1 (available in the online Supplementary Material), including all GenBank accession numbers. The genomes of five strains were sequenced by BGI (Beijing) on a HiSeq system (Illumina) to around 60 times coverage and assembled with the CLC Genomic Workbench (Qiagen) to 26-162 contigs for each genome. Later 19 more strains were sequenced using MiSeq (Illumina) with more than 200 times coverage, which were also assembled with the CLC Genomic Workbench to 31-179 contigs for each genome. Pairwise sequence comparison was performed in GGDC [29, 30] and the index 2 of divergence was used to estimate DDN (Table S2) . Searches for DNA sequences in public databases were performed by BLAST [31] . Determination of pairwise similarity was performed by the WATER program of EMBOSS [32] . 16S rRNA gene sequences with a minimum length of 1 kb nucleotides were included in the phylogenetic analysis. Multiple alignments of DNA sequences were constructed by ClustalX2 [33] . Columns with gaps were trimmed out of the multiple alignment by use of Bioedit [34] resulting in 455 and 1330 nt of the rpoB and 16S rRNA gene sequences, respectively, being available for phylogenetic analysis. Phylogenetic analyses of the 16S rRNA and rpoB gene sequences were carried out by neighbour-joining using the Jukes-Cantor correction and included calculation of bootstrap support. The program MEGA6 [35] was used for graphical representation of trees.
Phylogenetic analysis of 16S rRNA gene sequences showed that all strains made up a monophyletic unit designated as a new genus, Rodentibacter, to be outlined in the following (Figs 1, 2, S1 and S2). 16S rRNA gene sequence similarity within this group was 93.8 % or higher with the lowest similarity between strain CCUG below) were characterized for polyamines and found predominantly to contain 1,3-diaminopropane, putrescine and cadaverine [36] . This polyamine profile separated the genus from Actinobacillus sensu stricto which does not contain putrescine, but in some cases does contain spermidine and spermine, and from Avibacterium which always contained spermidine or spermine or both, none of which have been found in the two biovars of [P.] pneumotropica. A full phenotypic characterization of Rodentibacter is given in the description of the genus and selected characteristics of value for separation from other genera of Pasteurellaceae are included in Table 1 . Demethylmenaquinone 7 was present in the type strain of [P.] pneumotropica [37] and this character separates the genus from most other members of Pasteurellaceae (Tables 1 and S3 ).
DDN estimated based on whole genomic sequences with the GGDC server identified species-like relationships between 12 groups or singletons using the threshold of Wayne et al. [38] that strains of the same species share 70 % or higher DDN (Table S2) . DDN between the type strain of R. pneumotropicus and strain P441 was 83 % (Table S2) exactly the same figure as estimated based on DDN by Ryll et al. [16] . Previous characterization by Ryll et al. [16] A species-like taxon including 67 strains was monophyletic based on rpoB and 16S rRNA gene sequence comparison with bootstrap supports of 100 and 80 %, respectively (Figs S1 and S2). The 16S rRNA gene sequence similarity was 96.9-100 % (lowest between 2013126011 and 2014835011) within the group and included the type strain of [P.] pneumotropica, strains of biovar Jawetz and taxon 21 (P441) of Bisgaard. For the 62 strains with rpoB gene sequences, similarities varied between 97.6 and 100 % (lowest between Ac84 and Ppn120). The closest related strains outside this group were H2010593012 and 1995103014 within the species proposed as Rodentibacter ratti with 95 % similarity based on rpoB gene sequence comparison, which is at the species limit [39] . DDN estimated based on whole genomic sequences was 80 % or higher for the three strains compared within the species with the highest DDN of 40 % observed to R. ratti within the genus Rodentibacter. The type strain of Rodentibacter pneumotropicus is NCTC 8141 T (=CCUG 12398 T ). A subspecies of this species might be described if a-galactosidase can be used for separation [8] . The a-galactosidase-negative variant included taxon 21 of Bisgaard with reference strain P441. In general, the species is independent of the V-factor but a few NAD-dependent isolates exist. The type strain NCTC 8141 T and strains with a similar phenotype have almost exclusively been isolated from mice, whereas the other phenotype has been obtained from mice and rats.
A monophyletic group based on rpoB and 16S rRNA gene sequence analysis is proposed as Rodentibacter heylii including biovar Heyl of [P.] pneumotropica and totalling 68 strains (Figs S1 and S2). The analysis of rpoB gene sequences identified the group as monophyletic with 52 % bootstrap support (Fig. S1 ). 16S rRNA gene sequence analysis identified the same group with 100 % bootstrap support (Fig. S2 ). 16S rRNA gene sequence similarity varied between 96.1 and 100 % (lowest between the type strain and Ppn422) within the group, while 97.0 % or less similarity was observed with strain 3835/84 of R. pneumotropicus. The lowest rpoB gene sequence similarity within R. heylii was 96.9 % between Ppn430 and 1990433021. The 66 rpoB gene sequences shared 94.0 % or less similarity to the other taxa. The rpoB gene sequence of strain HIM 1014-1 T is identical to that of the type strain of R. pneumotropicus. Four more strains demonstrate the same pattern that the rpoB gene sequence fits with R. pneumotropicus, but the 16S rRNA gene sequence classifies the isolates with R. heylii The lack of separation of Jawetz and Heyl biovars by rpoB gene sequence comparison was reported by Dole et al. [40] . Recombination seems to have happened within this taxon, since strain 2005150027 was included in the R. heylii group by rpoB gene sequence comparison but diverged in 16S rRNA comparisons (93.8 % similarity to the type strain of R. heylii), and the 16S rRNA gene sequence showed high similarity to taxon 17 (see below). Strain Ppn152 was related to R. ratti by rpoB gene sequence comparison but was included with R. heylii according to 16S rRNA gene sequence comparison. Due to divergence in rpoB gene sequences, classification of R. heylii was based only on phenotype and 16S rRNA and rpoB gene sequence comparisons were excluded from the delineation. DDN estimated based on whole genomic sequences was 66 % or higher for the six strains compared within the species, with the highest DDN of 33 % observed to R. pneumotropicus within the genus Rodentibacter. In general, members of the species do not require Vfactor for growth, but a few NAD-dependent isolates exist.
The largest group included the reference strain of taxon 22 of Bisgaard and was proposed as R. ratti. This group included more than 600 strains, of which 165 have been characterized by sequencing. Phylogenetic analysis of rpoB gene sequences identified the group as paraphyletic (Fig. S1 ). Phylogenetic analysis based on 16S rRNA gene sequences identified three groups (Fig. S2) . The lack of recognition of the group as monophyletic in the 16S rRNA gene sequence phylogeny probably reflected low sequence divergence since all strains shared 96.8 % (2011080012 and F75 T ) or higher 16S rRNA gene sequence similarity. The 16S rRNA gene sequence similarity to the type strain of R. pneumotropicus was as high as 97.6 % (Ppn353). A similar situation exists for other members of Pasteurellaceae such as Actinobacillus sensu stricto and Avibacterium, and similar problems are found for many genera of Enterobacteriaceae [39, [41] [42] [43] . The type strain of R. ratti was selected as F75
T despite the unusual origin of this isolate from a chicken. The strain is the most well-characterized of the taxon and therefore the most appropriate as the type strain. The lowest rpoB gene sequence similarity was 95.8 % between Ppn334, Ppn418 and F75 T . Similarity was 95 % or less to other taxa, which is at the species limit [39] . DDN estimated based on whole genomic sequences was 66 % or higher for the four strains compared within the species, with the highest DDN of 41 % observed to Rodentibacter mrazii sp. nov. within the genus Rodentibacter. R. ratti consists of V-factor-dependent and V-factor-independent strains. H 2 S is not formed with SIM agar (sulfide indole motility medium), but V-factordependent isolates were found to be positive for H 2 S production by the lead acetate test. Indole and urease tests were usually positive. Acid formation from (+)-D-arabinose and (+)-D-xylose were strain-dependent and acid formation from trehalose was negative.
Phylogenetic analysis of rpoB and 16S rRNA gene sequences identified a monophyletic group of three strains with 100 % bootstrap support (Figs S1 and S2). The three strains belonged to taxon 41 of Bisgaard and shared rpoB gene sequence similarity of 98.0-99.0 % and 89 % or less to other strains. 16S rRNA gene similarity was 98-100 % within the group and the highest level of similarity outside was 96.4 % to R. pneumotropicus. DDN estimated based on whole genomic sequences was 24 % or less to other species compared within the genus Rodentibacter. This taxon is proposed as Rodentibacter myodis sp. nov., named after the animal of isolation for the strains, Myodes glareolus (bank vole), with type strain Ac151
T .
Phylogenetic analysis of rpoB and 16S rRNA gene sequences identified a monophyletic group of 46 strains with 100 % bootstrap support (Figs S1 and S2). The strains sequenced represented a group of 70 phenotypically similar strains with the reference strain of taxon 48 of Bisgaard included. They shared rpoB gene sequence similarity of 98.5-100 % (2010123012 to Ppn416) with 96.8 % or less similarity to the 
Acid production from: Phylogenetic analysis of rpoB gene sequences identified a monophyletic group with 100 % bootstrap support (Fig. S1 ), although this group was only recognized as paraphyletic based on 16S rRNA gene sequence analysis (Fig. S2) . Rodentibacter heidelbergensis sp. nov. was proposed for more than 30 strains known, which were represented by 18 strains sequenced. 16S rRNA gene similarity was 96.0 % within the taxon and 98.1 % similarity was found to the closest related neighbour, R. ratti. The rpoB gene sequence similarity was 97.0 % within the group, and 90.9 % similarity was found to the closest related neighbour, R. ratti. The type strain is 1996025094 T (=Ac69 T ). The highest DDN estimated based on whole genomic sequences to other species was 45 % to Rodentibacter rarus sp. nov. Most strains were V-factordependent with the exception of the type strain. For unknown reasons, the growth of some isolates was not supported by NAD. All isolates were negative for indole and ornithine decarboxylase (ODC) reactions and they did not form acid from (+)-L-arabinose, (+)-D-xylose, trehalose or (+)-melibiose.
Phylogenetic analysis of rpoB and 16S rRNA gene sequences identified a monophyletic group of seven strains with 100 and 94 % bootstrap support, respectively (Figs S1 and S2). Rodentibacter trehalosifermentans sp. nov. was proposed for this group with type strain H1987082031
T . The highest 16S rRNA gene sequence similarity within the group was 96.9-99.2 % and outside the group it was related most closely to the type strain of R. ratti at 97.3 % similarity. The rpoB gene sequence similarity was 98.7 % or higher within the group; however, strain H1998003092 was unrelated to the group and had its closest relationship with the type strain of Haemophilus parainfluenzae although only at 90 %. Strain H1983213011 included in the group based on rpoB gene sequence analysis was located with R. ratti in the 16S rRNA gene sequence analysis. The rpoB gene sequence similarity was 95.0 % to the closest related group of R. ratti. DDN estimated based on whole genomic sequences was 79 or 82 % for the three strains compared within the species, with the highest DDN of 39 % observed to R. rarus within the genus Rodentibacter. All isolates have been cultured from rats. They are NAD-dependent but synthesize porphyrins.
Strain 2005150027 was related to the reference strain of taxon 17 of Bisgaard with 16S rRNA gene sequence similarity of 98.5 %, and the two strains are proposed as the species R. rarus as only two strains are known to exist in collections from that taxon. The strains were polyphyletic by rpoB gene sequence analysis, but monophyletic in the 16S rRNA gene sequence analysis with 100 % bootstrap support (Figs S1 and S2). The rpoB gene sequence similarity was only 91.2 % between the two strains, and the rpoB gene sequence of 2005150027 showed high similarity to members of the R. heylii group, although the 16S rRNA gene similarity was only 93.8 % to that taxon. DDN estimated based on whole genomic sequences was 93 % between the two strains compared within the species, with the highest DDN of 45 % observed to R. heidelbergensis within the genus Rodentibacter. The type strain is 2325/79 T (=CCUG 17206 T =DSM 103980 T ). The closest related species was R. ratti with 97.1 % 16S rRNA gene sequence similarity (F75 T ).
Rodentibacter mrazii is proposed for seven strains isolated from Apodemus sylvaticus. In the rpoB gene sequence analysis, the group also included a strain from Rodentibacter genomospecies 2 (to be considered below). In the 16S rRNA gene sequence phylogenetic analysis the strains formed a monophyletic group (Figs S1 and S2). The lowest 16S rRNA gene sequence similarity was 99.3 % between strain Ppn418
T and other strains of the taxon. The proposed type strain, Ppn418 T , showed the highest DDN of 41 % to R. pneumotropicus and R. ratti, confirming the species-like nature of the taxon.
A group of 13 strains was included as genomospecies 2 of Rodentibacter since this group could not be separated phenotypically from R. pneumotropicus. However, comparison of the genomic sequence of reference strain 1996246016 to other members of the genus confirmed its unique species status. Both rpoB and 16S rRNA gene sequence-based phylogenetic analysis documented monophyly (Figs S1 and S2), but three strains (1996246016, 2007553014, 2007583013) were related to R. mrazii based on rpoB gene sequence comparison (Fig. S1 ). The 16S rRNA gene similarity was as low as 97.8 % within the group (1996246016 to 2014579016). Strain Ppn422 was included in the group based on rpoB and 16S gene sequence monophyly, although the DDN was only 43 % between this strain and the reference strain. Strain Ppn422 should thus belong to a separate genomospecies according to the threshold of Wayne et al. [38] that strains of the same species share 70 % or higher DDN. However, the strain was monophyletic with other strains of this genomospecies in rpoB, 16S rRNA and infB gene sequence comparisons and we decided to leave it in this group rather than to designate a third genomospecies with only one strain. Some strains of the genomospecies expressed yellow pigment. Strain Ppn85 was finally left as a singleton with 95 % or less rpoB gene sequence similarity to the others and 16S rRNA gene sequence similarity of 97 % or less to the others.
A 16S rRNA gene sequence phylogenetic comparison of only type and reference strains is presented in Fig. 2 . The 16S rRNA gene sequences of all strains diverged, with the strongest tendency for type strains of R. ratti and R. mrazii to form monophyletic groups and similar for R. heylii to group with the one genomospecies of Rodentibacter. The highest 16S rRNA gene similarity was 97.0 % between type strains of R. pneumotropicus and R. ratti and 97.2 % between the type strain of R. heylii and the reference and the type strain of both Rodentibacter genomospecies 1 and R. ratti, respectively. The lowest 16S rRNA gene sequence similarity was 94.3 % between the type strain of R. trehalosifermentans and strain Ppn85. The lowest rpoB gene sequence similarity was 87.3 % between the type strain of R. myodis and Rodentibacter genomospecies 1 and between R. myodis and R. rarus, respectively. The highest rpoB gene sequence similarity was 94.8 % between the type strain of R. heylii and strain Ppn85.
In conclusion, 16S rRNA and rpoB gene sequence similarities are within the limits of 97 and 95 %, respectively, traditionally used to separate bacterial species, including members of Pasteurellaceae [39, 44] . Unfortunately, recombination of at least 10 strains out of the 346 compared (3 %) seems to have changed the phylogeny based on rpoB gene sequence comparison compared to the 16S rRNA gene phylogeny as described above.
Phylogenetic analysis of infB gene sequences extracted from the whole genomic sequences of selected strains confirmed the species outlined ( Fig. S3) with some exceptions. The two genomospecies of Rodentibacter did not separate very well. Strain H1983213011 of R. trehalosifermentans took up a divergent position compared to the two other strains of this species when the coherence observed by DDN is considered (Table S2) . This divergence appears to be related to horizontal transfer of the infB gene between strains of the species, which has previously been reported for members of Pasteurellaceae [45] .
Rodentibacter pneumotropicus can be separated from R. heylii in production of acid from (+)-L-arabinose and a-glucosidase (PNPG). Rodentibacter heylii is always positive for ODC, raffinose and (+)-melibiose, whereas R. pneumotropicus is negative for raffinose and melibiose for isolates with the ODC-positive phenotype and can be separated from R. ratti in acid production from (+)-L-arabinose and trehalose. Acid formation from (+)-L-arabinose and (+)-lactose separates R. pneumotropicus from R. myodis. R. pneumotropicus can be separated from R. heidelbergensis in acid formation from (+)-D-xylose and trehalose and from R. trehalosifermentans in NAD requirement and acid formation from (+)-D-xylose. Acid formation from (+)-lactose and the aglucosidase (PNPG) test separate R. pneumotropicus from R. mrazii and R. pneumotropicus can be separated from R. rarus based on acid production from (À)-D-ribose and (+)-D-xylose. R. heylii can be separated from R. ratti based on acid formation from trehalose and from R. myodis based on acid formation from (À)-D-mannitol. Rodentibacter heylii can be separated from R. heidelbergensis based on ODC and acid production from (+)-L-arabinose and from R. trehalosifermentans based on NAD requirement and acid formation from (+)-D-xylose. Acid from (+)-L-arabinose and the b-glucoronidase (PGUA) test separate R. heylii from R. mrazii and R. heylii can be separated from R. rarus in the ODC reaction and acid from (+)-D-xylose. Rodentibacter ratti can be separated from R. myodis in the indole reaction and acid formation from (À)-D-mannitol. The indole test and acid from (+)-L-arabinose separate R. ratti from R. heidelbergensis and R. trehalosifermentans. Rodentibacter ratti can be separated from R. mrazii based on acid production from (+)-L-arabinose and trehalose. The indole reaction and acid formation from trehalose separate R. ratti from R. rarus. R. myodis can be separated from R. heidelbergensis in acid production from (+)-L-arabinose and PNPG and from R. trehalosifermentans in NAD requirement and acid formation from (+)-L-arabinose. Acid from (+)-L-arabinose and (À)-D-mannitol separate R. myodis from R. mrazii and R. myodis can be separated from R. rarus in acid formation from (À)-D-mannitol and (+)-D-xylose. R. heidelbergensis can be separated from R. rarus in acid formation from (+)-melibiose and trehalose. Acid formation from trehalose and (+)-melibiose separate R. heidelbergensis from R. trehalosifermentans. R. heidelbergensis can be separated from R. mrazii based on ODC and acid production from (+)-melibiose. R. trehalosifermentans can be separated from R. mrazii and R. rarus in NAD requirement and further from R. mrazii in ODC and from R. rarus in acid production from (+)-lactose. R. mrazii can be separated from R. rarus in the ODC reaction and acid formation from (+)-D-xylose (Table 2 ). An overview of new names proposed within Rodentibacter is given in Table 3 .
Matrix assisted laser desorption ionization time of flight (MALDI-TOF) analysis of 120 isolates representing R. pneumotropicus, R. heylii, R. myodis, R. ratti, R. rarus, R. heidelbergensis and Rodentibacter genomospecies 2 was performed for preliminary characterization according to Kudirkiene et al. [46] . Only [P.] pneumotropica was included in the database of the MALDI-TOF system with a full spectrum and single reference strains of Rodentibacter were included for the other taxa of the current investigation. Members of the seven taxa could be identified to the species level (data not shown). However, further work will be needed to include full spectra of species to be outlined below with the databases of MALDI-TOF identification platforms and we expect then to achieve full identification of all species of Rodentibacter.
DESCRIPTION OF RODENTIBACTER GEN. NOV.
Rodentibacter [Ro.den.ti.bac¢ter. N.L. v. rodens pres. part. gnawing; N.L. pl. n. rodentes rodents; N.L. masc. n. bacter (derived from bactrum) rod; N.L. masc. n. Rodentibacter rod from rodents].
Major diversity is observed regarding colony morphology for all taxa of the genus. Colony size varies from pin-point to 1-2 mm in diameter after 24 h of incubation at 37 C on bovine blood agar. There is no haemolysis on blood agar. Colonies are circular, with an entire edge and most often greyish although a yellow pigment might be observed. A buttery consistency is observed for all taxa. A characteristic smell is not observed for any of the taxa. Gram-stain-negative and non-motile, catalase-and oxidase-positive, fermenting glucose in Hugh and Leifson's test, able to synthesize porphyrin (without X factor requirement) and able to reduce nitrate. Simmon's citrate, methyl red and Voges-Proskauer tests are negative. Acid from mucate, base from malonate, H 2 S in triple sugar iron (TSI) and reduction of tetrathionate are negative. The type species is Rodentibacter pneumotropicus (basonym Pasteurella pneumotropica).
DESCRIPTION OF RODENTIBACTER PNEUMOTROPICUS COMB. NOV.
Basonym Pasteurella pneumotropica Jawetz 1950. Table S1 . +, 90 % or more of the strains positive within 1-2 days; (+) late positive; -, less than 10 % of the strains are positive within 14 days; D, 11-89 % of the strains are positive. All tests performed at 37 ºC. ND, no data. reactions are positive and the other enzyme reactions are negative, but a-galactosidase is variable with a late positive reaction for the type strain. The type strain is late positive in acid production from dextrin. The type strain was found predominantly to contain 1,3-diaminopropane and putrescine with minor contents of cadaverine, spermidine and spermine [36] . The bacteria have mainly been isolated from mice with a minority from rats. The indole-negative isolates are more frequently isolated from rats.
The type strain is NCTC 8141 T (=CCUG 12398 T ) isolated from a mouse. The DNA G+C content of the type strain is 40 mol% and the genome size 2.3-2.4 Mb determined by whole genomic sequencing (accession numbers BBIX01 and ARBW01). Acid formation from melibiose and raffinose is positive or late positive. Acid is formed from maltose, sucrose and trehalose or formed late. ONPG (b-galactosidase) and PNPG (a-glucosidase) reactions are positive while the other enzyme reactions are negative, but a-galactosidase is variable, with the type strain positive. The bacteria have mainly been isolated from mice and some from other rodents such as rats, Syrian and Dsungarian hamster, Mastomys and guinea pig, when these animals are housed with mice. The type strain was found predominantly to contain 1,3- Acid formation from melibiose, sucrose and raffinose is positive. Acid formation from maltose and trehalose is variable with negative reactions for the type strain. Acid formation from dextrin is negative and from glycerol is late postive for the type strain. ONPG (b-galactosidase) and a-galactosidase reactions are positive and the PNPG (a-glucosidase) reaction is negative. All known isolates are from Myodes glareolus (bank vole). The taxon is recognized as taxon 41 of Bisgaard.
DESCRIPTION OF RODENTIBACTER HEYLII
The type strain is Ac151 T (=CCUG 69666 T =DSM 103994 T ) isolated in the Netherlands. The DNA G+C content of the type strain is 41.0 mol% and the genome size is 2.5 Mb determined by whole genome sequencing.
DESCRIPTION OF RODENTIBACTER RATTI SP. NOV.
Rodentibacter ratti (rat¢ti. L. gen. n. ratti of the rat, of the genus Rattus).
Biochemical characteristics are as given for the genus. In addition, there is no NAD (V-factor) growth requirement for the type strain, but there is for some other strains. The type strain can grow weakly with KCN. The ODC reaction is variable with a positive reaction for the type strain. The lysine decarboxylase test varies, but is negative for the type strain Acid formation from maltose is positive. Acid formation from melibiose is negative. Acid formation from sucrose is positive, and acid formation from trehalose is usually negative. Acid formation from raffinose is variable, with the type strain negative. The ONPG (b-galactosidase) reaction is positive and the PNPG (a-glucosidase) reaction negative. Includes three strains (HK445, HK446, HK447) of taxon B included in Kilian (1976) . These strains were reported as positive for the H 2 S test. Typically found in rats, but other rodent species (mice, Syrian hamster, guinea pig) can be colonized, when housed together. The species includes taxon 22 of Bisgaard and other strains mainly from rats.
The type strain is F75
T (=CCUG 69665 T =DSM 103977 T ) isolated from a chicken in Denmark. The DNA G+C content of the type strain is 40.2 mol% and the genome size is 2.0 Mb determined by whole genome sequencing.
DESCRIPTION OF RODENTIBACTER RARUS SP. NOV.
Rodentibacter rarus (ra¢rus. L. adj. rarus rare, referring to the very rare isolation of this species).
The species includes the reference strain of taxon 17 of Bisgaard and another strain from a rat. The biochemical characteristics are as given for the genus description. In addition, there is no NAD (V-factor) growth requirement. 
DESCRIPTION OF RODENTIBACTER HEIDELBERGENSIS SP. NOV.
Rodentibacter heidelbergensis (hei.del.berg.en¢sis. N.L. masc. adj. heidelbergensis pertaining to Heidelberg, the city where most strains of the taxon were isolated and characterized).
Biochemical characteristics are as given for the genus. There is no pigment formation for the type strain. There is a
